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Anomalous Hall Effect
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Anomalous Hall Effect
(σxy – σyx)/2 = σH

no time reversal invariance
+

spin-orbit coupling 



AHE – Perturbation Theory
Skew
∼σ0 S

Intrinsic
∼σ0 /εFτ

[Ebert:  Rep. Prog. Phys. (1996)]

n, q

Vertex Corrections
∼ σIntrinsic

[Side Jump ++++ ]

n’≠n, q
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(Ga,Mn)As k-space Berry phase 
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Jungwirth, Niu, et al.  PHYSICAL REVIEW LETTERS 2002
Jungwirth, Gallagher et al.  APPLIED PHYSICS LETTERS 2003

AHE in (III,Mn)V Ferromagnets

x

σH

∼ e2/h kF
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Rashba Model 
Culcer et al. PRB (2003)



Graphene – a new 2DES
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Spin Hall Effect in
Metallic Graphene

Sinitsyn, Sinova et al. cond-mat/0602



SO-coupling in Graphene
Hongki Min & AHM
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Adiabatic Theory 
of Spin Transfer Torque 

(Conceptual)

(how to calculate ST Torque
in principle –

Nunez cond-mat/0403710) 





Nunez+AHM, cond-mat/0403710

Spin-Transfer
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LSDA Theory s-d Model

Spin Transfer Torques
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Spin Transfer Torques

(Summary)



Toy-Model SO Effect

Rashba Model

SO Coupling Strength
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Bulk Transport Theory SO Effect
TBB cond-mat/0512715
XZS cond-mat/0601172



Magnetic Action of 
Current-Carrying Ferromagnet

Fernandez-Rossier, Braun, Nunez, AHM PRB (2004)
Bazaliy, Jones, Zhang PRB (2003)  



What About Antiferromagnets?
pinned free

GMR and Robust Spin Torques
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Waldron et al. - preprint   (2006)

Molecular Spintronics
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Molecular Electronics
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(Review to appear in RMP)

cond-mat/0603380



(Ga,Mn)N - high Tc?

Giraud et al.   Eur. Phys. Lett. 65 (2004)



Semiconductor Ferromagnetism

Undoped Insulating Metallic

Carrier-mediated Long-range Order
Ohno, Munekata et al. PRL ’89 PRL ’92 APL ’96

AHM Schiffer Samarth Nat. Mat. 

Mechanism



Is k.p description OK ? 

+ Coulomb



k.P theory IR conductivity 

Yang Sinova et al. PRB (2003)



Impurity Band Picture?  

Chattopadhyah et al. PRL (2001)  PRB (2002)
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